The metabolisms of lecithin and phosphati dylglycerol in the surfactant and residual fractions of rat lung were compared using the in vitro system where tissue slices and radioactive precursors such as The incorporation of precursors into the residual lecithin proceeded linearly during the incubation time, while the time curve on the incorporation into the surfactant lecithin exhibited a lag period before the incorporation increased significantly.
The incorporation of precursors into the residual lecithin proceeded linearly during the incubation time, while the time curve on the incorporation into the surfactant lecithin exhibited a lag period before the incorporation increased significantly.
A similar tendency was also observed in the incorporation into phosphatidylglycerol.
These findings suggested a precursor-product relationship between the corresponding lipids in both the fractions.
The turnover time of lecithin was approx. 340-370 min and that of phosphatidylglycerol was 118 min in the intracellular surfactant fraction.
The turnover rates of lecithin and phosphatidylglycerol were approx. 0.6 and 2 nmoles/g of wet tissue, respectively. The transfer of lecithin from the residual fraction to the surfactant fraction was hardly influenced by the difference of fatty acid moiety at the 2-position of 1-palmitoyl-lysolecithin.
However, the turnover time of 1-palmitoyl lecithin (360 min) was distinctly shorter than that of 1-stearoyl species (730 min). The turnover time of the saturated lecithin was also shown to be 328 min. On the other hand, polyenoic species showed the shorter turnover time; 182 min for the tetraenoic species. Several studies have used a lung lavage fluid to study the relationship between the extracellular surfactant fraction and the lung tissue. Tierney et al. (1967) estimated the half lives of various molecular species of lecithin in whole lung tissue and in the extracellular surfactant fraction obtained from the lung lavage. Scarpelli (1967) also studied the incorporation of radioactive precursors into the phospholipids in both fractions, the lung lavage and the remaining lung tissue.
Toshima et al. (1972) estimated previously the turnover time and turnover rate of alveolar lecithins using Zilversmit's equation on the basis of time courses of the specific activity of lung tissue and alveolar lecithins. This lung lavage fraction used in these studies exhibits only the extracellular compartment of lung surfactant. However, the surfactant lipoprotein complex in the lung is found not only in the extracellular compartments, but also in the intracellular compartments. Froso lono et al. (1970) described the isolation procedure of the surfactant lipoprotein complex using discontinuous sucrose gradient centrifugation and they also isolated intra-and extracellular components of lung surfactant (Pawlowski et al. 1971) .
In the present paper, the metabolism of phosphatidylglycerol as well as lecithin in the lung was investigated, since the former has been reported to be a second abundant and metabolically active lipid in the lung surfactant (Rooney et al. 1974; Sanders and Longmore 1975) . The present study also concerns with the turnover time and turnover rate of phosphatidylglycerol, lecithin and its molecular species in the intracellular surfactant fraction (lamellar bodies). Lipid extraction and fractionation of phospholipid classes Lipids were extracted from the two fractions by the procedure of Bligh and Dyer (1959) and fractionated into individual phospholipid class by the combination of column chro matography on DEAE-cellulose and preparative thin-layer chromatography as reported previously (Akino and Shimojo 1970; Akino et al. 1971). After the elution of neutral lipids with chloroform, the non-acidic phospholipids were eluted with methanol from the column and subsequently fractionated into lecithin, phosphatidylethanolamine, sphingomye lin and lysolecithin on silica gel G plates using a solvent system of chloroform-methanolwater (70:30:5, by vol). The fraction containing acidic phospholipids, eluted with chloro form-methanol (2:1) saturated with ammonia, was also fractionated into cardiolipin plus lysobisphosphatidic acid, phosphatidylglycerol and phosphatidylinositol plus phosphatidyl serine on slica gel H plates using a solvent of chloroform-methanol-7 N ammonia (65:30:5, by vol). The recovery of the lipids from the gel was carried out by the method of Arivdson (1968).
MATERIALS AND METHODS

Subfractionation of lecithins into molecular species
The purified lecithin was degraded to diacylglycerols by phospholipase C from Clostridium welchii according to the method described by Renkonen (1966) . After acetyla tion, diacylglycerol acetates were fractionated into molecular species different in degree of unsaturation by argentation thin-layer chromatography as described in detail elsewhere. The amount of individual diacylglycerol acetate was calculated by glycerol determination by the method of Van Handel and Zilversmit (1957).
Analytical methods
The methylesters of the fatty acids of isolated lecithin and phosphatidylglycerol were prepared directly by transacylation using BF; methanol (Morrison and Smith 1964). The fatty acid methylesters thus obtained were separated and quantitated by gas chromato graphy as described previously (Okano et al. 1977 ). Phosphorus was determined by the method of Bartlett (1959). All radioactivity counting was performed with Beckman LS-250 scintilation spectrometer in dioxane scintilator described by Bray (1960).
RESULTS AND DISCUSSION
Chemical composition of the surfactant and residual fractions Chemical characteristics of the surfactant and residual fractions from rat lung tissues, separated by the modification of the procedure of Frosolono et al. (1970) , were compared. The total surfactant fraction included both intra-and extracellular components. The phospholipid compositions in both the fractions are The composition of fatty acid and molecular species of lecithins of the two fractions are presented in Tables 2 and 3 , respectively. The lecithin in the surfactant fraction was found to contain a higher percentage of palmitic acid (69%) than that (58%) in the residual fraction. The saturated species were found to be 56% in the surfactant fraction and 37% in the residual fraction. Other minor differences were also found between both fractions. The surfactant fraction con tained less tetraenoic and polyenoic species than the residual fraction. Fig . 2 shows the increase of the specific activity of lecithin in both the fractions after incubation with [1-14C]palmitoyl lysolecithin. The observed linear increase of specific activity of lecithin in the residual fraction is consistent with our previous conversion of lysolecithin to lecithin in the lung tissue . However, the increase of the specific activity of lecithin in the surfactant fraction showed a lag phase; the specific activity of lecithin was very low in early periods, but later it increased significantly. The labeling profile was very similar to that observed in the experiments with [14C]palmitic acid.
These findings strongly suggest that lecithin or phosphatidylglycerol in the surfactant fraction is derived from the residual fraction, that is , there is a precursorproduct relationship in the lipids between both fractions.
Turnover time and turnover rate of lecithin and phosphatidylglycerol in the intracellular surfactant fraction.
From the time-dependent changes of specific activity of lecithin and phosphatidylglycerol in the intracellular surfactant and residual fractions, the turnover time and trunover rate of the phospholipids in the surfactant fraction could be estimated essentially according to Zilversmit et al . (1943) The effects of the different molecular species on the lecithin transfer from the residual fraction to the intracellular surfactant fraction. TALE 6. Turnover time and turnover rate of molecular species of lecithin in the intracellular surfactant fraction of rat lung slices, when [14C]palmitic acid was used as a precursor the equation (e). The turnover rate was calculated from pool size of each molecular species. The calculation indicated that the saturates, mainly consisting of dipalmitoyl species, and the monoenes, most of which is presumed to consist of 1-palmitoyl type, turn over slowly, but the turnover rates of polyenoic species were rather higher as the degree of unsaturation increases.
The extents of incorporation of labeled 1-palmitoyl and 1-stearoyl lysolecithin into lecithin in both fractions were compared in Table 7 . The higher incorporation of 1-stearoyl lysolecithin than that of 1-palmitoyl one into lecithin was noted in the residual fraction, while no differences were found between both precursors on the incorporation into the intracellular surfactant fraction.
The former pheno menon may be ascribed to the fact that the pool size of 1-palmitoyl lecithin was about five fold larger than that of 1-stearoyl lecithin, that is, to the greater 
